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ABSTRACT
We present a search for optical bursts from the repeating fast radio burst FRB 121102
using simultaneous observations with the high-speed optical camera ULTRASPEC on
the 2.4-m Thai National Telescope and radio observations with the 100-m Effelsberg
Radio Telescope. A total of 13 radio bursts were detected, but we found no evidence for
corresponding optical bursts in our 70.7-ms frames. The 5-σ upper limit to the optical
flux density during our observations is 0.33 mJy at 767nm. This gives an upper limit
for the optical burst fluence of 0.046 Jy ms, which constrains the broadband spectral
index of the burst emission to α 6 −0.2. Two of the radio pulses are separated by
just 34 ms, which may represent an upper limit on a possible underlying periodicity (a
rotation period typical of pulsars), or these pulses may have come from a single emission
window that is a small fraction of a possible period.
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1 INTRODUCTION
Fast radio bursts (FRBs) are short, bright pulses of coherent
radio emission, with dispersion measures (DMs) in excess of
that expected for Galactic sources. Since the first discovery
by Lorimer et al. (2007), a further 22 FRBs have been
reported in the FRB catalogue1 (Petroff et al. 2016). The
high DMs (a measure of the frequency-dependent arrival
times of the radio pulses, due to propagation through a low
density plasma) lead us to infer extragalactic distances to
FRBs. This makes them potentially valuable cosmological
probes which could provide a direct measurement of the
cosmic density of ionized baryons in the intergalactic
medium, probe intergalactic magnetic fields, and constrain
the dark energy equation of state parameter (see e.g.
Zhou et al. 2014; Keane et al. 2016; Ravi et al. 2016, and
1 http://www.astronomy.swin.edu.au/pulsar/frbcat/
references therein). There appear to be almost as many
proposed progenitor theories for FRBs as burst detections
themselves. Many of these are either ruled out or not
yet tested, but the leading theories include supergiant
radio pulses, magnetar giant flares and the collapse of
supramassive neutron stars in the case of non-repeating
events (see e.g. Katz 2016a,c for reviews).
FRB 121102 is the first and only FRB to show repeated
bursts at a consistent sky position and DM (Spitler et al.
2014, 2016). The observed bursts have DMs consistent with
being constant; the mean value is 559.6 pc cm−3 with a
1-σ RMS of 4.2 pc cm−3 and the mean of the quoted
uncertainties is 4.8 pc cm−3 (Spitler et al. 2016; Scholz
et al. 2016). FRB 121102 has recently been localised to
a faint dwarf galaxy at redshift z = 0.19 (Chatterjee
et al. 2017; Marcote et al. 2017; Tendulkar et al. 2017).
The extragalactic localisation and the repeating nature
of FRB 121102 enables the rejection of certain progenitor
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2scenarios involving catastrophic events that do not repeat
(Totani 2013; Kashiyama, Ioka & Me´sza´ros 2013; Falcke &
Rezzolla 2014; Zhang 2016), for this particular burst at least.
The repeating nature may favour a young magnetar scenario
(Metzger, Berger & Margalit 2017), a pulsar emitting giant
pulses (Cordes & Wasserman 2016), or may be triggered
by an AGN (Katz 2017; Vieyro et al. 2017). However,
it is unclear whether FRB 121102 may be fundamentally
different to the other known FRBs, none of which have been
seen to repeat. The recent observation that FRB 121102
appears to be coincident with a star forming region in its
host galaxy (Bassa et al. 2017) lends support to the possible
neutron star scenarios (Lyutikov, Burzawa & Popov 2016;
Katz 2016b). The pulses from FRB 121102 have intrinsic
durations of at most several milliseconds, and this time
scale may be an additional indication of an underlying
neutron star explanation. However other FRBs are seen to
be unresolved in time, even with a resolution limit of a few
100 µs. This could hint at a divergence in the progenitors of
the FRB population (Scholz et al. 2016).
In order to constrain the emission mechanism for
FRB 121102, we need to investigate the burst behaviour at
other wavelengths. For example, if the FRB is powered by
a neutron star, in certain scenarios one might expect to see
an optical burst counterpart. The pulsar supergiant pulse
mechanism, as seen in the Crab pulsar (Lyutikov, Burzawa
& Popov 2016), would have some simultaneous optical
brightening associated with the radio bursts (Shearer et al.
2003). Equally, there may be optical emission from magnetar
giant flares (Lyutikov & Lorimer 2016). In fact, rapid optical
flaring behaviour has been seen before in a gamma-ray
transient with a light curve which is phenomenologically
similar to gamma-ray flares from magnetars (Stefanescu
et al. 2008). An optical burst detection may also provide
an insight into the local environment of the burst engine
(Metzger, Berger & Margalit 2017).
Our investigation follows the same technique employed
by Dhillon et al. (2011) in their search for optical pulses
from Galactic rotating radio transients, as this technique
allows for a much deeper search for optical counterparts
than any single long-exposure image (see also the discussion
by Lyutikov & Lorimer 2016). If any optical burst emission
exists, we expect it to be short-lived, and thus we require
fast observations to probe any variability which might be
present. Equally, as we are interested in the actual energy
release of the emission mechanism, we need to measure the
fluence of the source, rather than the flux density, and this
can be done more accurately with shorter exposures.
More importantly, if the burst signal is very weak
the signal-to-noise ratio (S/N) will be dominated by the
shot noise from the sky background, which increases with
the length of exposure. Consider a burst which emits 100
photons in a few milliseconds, and a 10-ms optical exposure
which collects those 100 burst photons as well as N sky
photons. Meanwhile, a 1000-ms exposure would contain the
same 100 burst photons, but this time it would also record
100N sky photons. The shot noise contribution from the
sky will be
√
100 = 10 times larger in the longer exposure,
and thus the signal-to-noise ratio will be lower. In fact it is
possible that any short-lived optical signal may be swamped
by the shot noise in the sky background, which is inevitable
in deep images. The search for an optical burst counterpart
Figure 1. Finding chart showing the location of the two
ULTRASPEC drift-mode windows used, which are 46 by 50
unbinned pixels, covering an area of 20.8′′ by 22.6′′. The location
of FRB 121102 is shown with the small circle in the left-hand
window. The comparison star in the right-hand window is PSO
J053154.854+330815.385.
to FRBs thus requires high-speed imaging, because it allows
us to probe fainter fluence limits on the detection of optical
emission.
2 OBSERVATIONS
2.1 Optical Observations with ULTRASPEC
We conducted high-speed optical imaging of the field
of FRB 121102 during January and February 2017 with
ULTRASPEC, mounted on the 2.4-m Thai National
Telescope (TNT) at Doi Inthanon (Dhillon et al. 2014).
ULTRASPEC is purpose built for high-speed imaging,
with an electron-multiplying frame-transfer CCD and a
data acquisition system optimised for fast readout with
essentially no read-out noise (Tulloch & Dhillon 2011). We
present a total of 19.6 hours of high-speed photometry,
during which time we also detected 12 radio bursts with
the 100-m Effelsberg Radio Telescope (see Section 2.2).
This allowed us to pinpoint the exact images in which we
might expect an optical burst counterpart, if the optical
and radio bursts are emitted by the source simultaneously.
Journals of the optical and radio observations are presented
in Tables 1 and 2.
Assuming that FRBs are powered by a neutron star,
we can make a rough estimate of the expected optical burst
duration. The Crab pulsar shows optical pulses which are up
to five times wider than the associated giant radio pulses,
and which lead the radio pulses by up to 0.4ms (Shearer
et al. 2003; S lowikowska et al. 2009). Assuming that the FRB
mechanism follows similar behaviour to the Crab pulsar, we
might expect the optical and radio bursts to be effectively
3Table 1. Observations conducted with ULTRASPEC on the TNT. The i′ + z′ filter is a custom-made broad band filter comprising the
SDSS i′ and z′ passbands
Date Start time
(UTC)
End time
(UTC)
texp (ms) Filter No. of coincident
radio bursts
Conditions
2017-01-16 15:50:00 19:45:12 70.7 i′+z′ 3 Clear, 3′′ seeing
2017-01-19 15:35:14 18:46:45 70.7 i′+z′ 5 Clear, 1′′ seeing
2017-01-25 13:29:54 14:31:15 70.7 i′+z′ 0 Clear, 3′′ seeing
2017-01-25 15:15:20 19:00:22 70.7 i′+z′ 3 Clear, 3′′ seeing
2017-02-16 12:43:21 17:32:27 70.7 i′ 0 Intermittent clouds, 1′′ seeing
2017-02-19 14:34:38 17:32:24 70.7 i′ 1 Intermittent clouds, 1.5′′ seeing
coincident in time, and that the radio bursts are equal or
shorter in duration than any optical bursts. The radio bursts
have durations of ∼2–7 ms (Scholz et al. 2016), and thus we
might expect that any optical bursts would have a duration
of less than ∼10–35 ms.
ULTRASPEC was therefore operated in its fastest
windowed ‘drift’ mode (see Dhillon et al. 2007), using two
drift-mode windows each of size 50 by 46 unbinned pixels,
with on-chip binning by a factor of two, such that the
binned pixels had a plate scale of 0.9 ′′/pixel. This allowed
us to reach a frame rate of ∼ 14 Hz with a deadtime of
only 0.7 ms (a duty cycle of 99%). We used the electron-
multiplying (EM) read-out mode, which has an effective
readout noise of 0.005 electrons, and an effective electron-
multiplying gain (the number of measured photo-electrons
for each input electron) of the order of 1200. Throughout
this paper discussion of measured counts are quoted in EM-
boosted ADU, and have not been scaled to original photo-
electrons. One window was placed on the location of the
FRB found by Marcote et al. (2017), with RA 05:31:58.70,
DEC +33:08:52.5 (J2000), whilst the other window covered
a nearby comparison star, PSO J053154.854+330815.385.
Figure 1 shows the on-sky location of the two windows. It is
possible to run ULTRASPEC faster than the 70-ms cadence
used in these observations, but this requires smaller windows
and the TNT has no autoguider: we did not want to risk
having the FRB location and comparison star drift outside
of the windows. A total of 995 900 images were obtained.
2.2 Radio Observations with Effelsberg
In addition to the optical observations, we conducted
simultaneous radio coverage of FRB 121102 with the 100-m
radio telescope at Effelsberg, Germany. We detected 13
distinct radio bursts, though one of these was outside the
time-window of the optical observations with ULTRASPEC.
The radio bursts were detected using the 7-beam feed array,
and the receiver has a system equivalent flux density of
17 Jy and a full-width at half-maximum beam size of 9.8
arcmin. The central pixel was pointed to the sky position
of FRB 121102 as found by Chatterjee et al. (2017). The
observing configuration was identical to that used by the
High Time Resolution Universe-North (HTRU-N) pulsar
and fast transient survey for which details can be found in
Barr et al. (2013).
High time-resolution total-intensity spectral data
were recorded with the Pulsar Fast-Fourier-Transform
Spectrometer (PFFTS) search mode backends from all
seven beams, although we only expected bursts from the
Table 2. Observations conducted with the Effelsberg 100m radio
telescope.
Date Start time
(UTC)
End time
(UTC)
No. of bursts
observed
2017-01-16 16:14:20 20:14:20 3
2017-01-19 16:05:40 19:36:10 5
2017-01-25 16:22:00 19:52:00 4
2017-02-16 14:09:40 17:46:58 0
2017-02-19 14:28:40 17:28:40 1
central beam. The backends provide a bandwidth of 300
MHz centered at 1360 MHz divided into 512 frequency
channels at a time resolution of 54.613 µs. Data from only
the central beam were also recorded using the PSRIX
pulsar timing backend (Lazarus et al. 2016) in parallel,
which provides 256 MHz of bandwidth centered on 1358.9
MHz divided into 256 frequency channels. The PFFTS
spectrometers have better sensitivity to bursts but provide
no absolute timing information, which is needed to compare
the optical and radio times-of-arrival (TOAs). As described
in detail below we use bursts detected with both backends
to transfer the absolute timing from the PSRIX to the
PFFTS detections as needed.
3 ANALYSIS
We performed aperture photometry on the optical data
at the expected position of FRB 121102, using fixed-size
circular apertures of radius 2.7′′. This aperture size was
chosen to accommodate the positional uncertainty of the
FRB location and the average seeing throughout the
observations, and was kept fixed in an attempt to keep
the sky-noise contribution as stable as possible throughout
the analysis. We calculated the expected position of the
FRB using an offset from the measured position of the
comparison star in the other window (see Figure 1).
Offsets were calculated using a full-frame finder image
with astrometric calibration performed by astrometry.net
(Lang et al. 2010) to an astrometric accuracy of 1′′. All
frame times were corrected to barycentric modified Julian
date (BMJD). The sky background was subtracted using
the median level in an annulus around the target aperture.
The radio data were searched for single pulses using
the PRESTO2 software package (Ransom 2001). First, an
2 https://github.com/scottransom/presto
4Figure 2. ULTRASPEC light curves of FRB 121102 showing the sky-subtracted counts per pixel as a function of time. The sub-plots
on the right-hand side show a zoomed-in view of the light curves close to the arrival times of a sample of the Effelsberg radio burst
detections. The occasional short periods of larger scatter are likely due to the increase in sky noise during passing cloud cover. The dashed
line shows the 5-σ level for each light curve, where σ is the standard deviation in the counts. Red stars show the single ULTRASPEC
measurements for the frames closest in time to the simultaneous Effelsberg radio burst detections. Blue stars represent the summed
optical flux (counts/pixel) from the two temporally closest frames to a radio burst detection, in case the burst may be spread across two
frames. The single blue data point at the right-hand side of each plot represents the stacked flux (counts/pixel) from all bursts in each
run. The error bar is the 1-σ error in this value. Two bursts (the second and third observed in the third observing run) were observed
just 34 ms apart.
5RFI mask was generated using rfifind. The data were
then dedispersed with 20 trial DMs from 550 pc cm−2 to
570 pc cm−2, i.e. centred on the true DM of the FRB
(∼560 pc cm−2), in steps of 2 pc cm−2. The data were
also downsampled in time by a factor of 16, because the
inter-channel dispersion smearing is ∼1 ms. Bursts were
identified with single pulse search.py within PRESTO
(Lazarus et al. 2015), which convolves each dedispersed time
series with a series of boxcar templates to optimize a burst’s
S/N and then applies a detection threshold. All candidate
events with S/N ∼ 7 were inspected manually.
Recent observations of FRB 121102 suggest that the
optimal DM for aligning burst sub-structure is DM =
560 pc cm−2 (Scholz et al. 2016), and for the remainder of
the analysis we fixed the DM at this value. The TOAs were
calculated from the burst arrival time relative to the start
of the observation. Because only 10 of the 13 bursts were
detected in the PSRIX data, we used the PFFTS detections
for this analysis, but the PFFTS has no absolute timing
information. Therefore, we calculated a time correction for
each scan using bursts detected in both the PFFTS and
PSRIX data. These topocentric TOAs (referenced to the
highest frequency in the band) were converted to barycentric
TOAs at infinite frequency using PRESTO’s bary function.
The uncertainty on the TOAs is given by the positional
uncertainty on the burst fitting described below. The TOAs
are listed in Table 3.
To determine the radio flux density and pulse width, a
short segment of time-frequency data around each burst was
extracted using dspsr (van Straten & Bailes 2011). The data
were averaged in frequency to generate a burst profile, which
was then downsampled to a time resolution of ∼0.5 ms.
Each burst profile was fit with a Gaussian function using a
least squares routine. The radio flux densities were estimated
using the radiometer equation (Lorimer & Kramer 2005) for
two summed polarizations, a bandwidth of 250 MHz (the
effective bandwidth of the PFFTS data after RFI flagging
and removing the edges of the passband), and the maximum
S/N and pulse width determined from the Gaussian fitting
for each burst. The fitting results are given in Table 3.
The uncertainties on the pulse width are the 1-
σ uncertainties from the least-squares fitting. The
uncertainties on the radio flux density are dominated by
two systematic contributions. The first is the uncertainty
on the determination of the S/N, i.e. the RMS noise level,
and is ∼15 mJy, assuming a median pulse width of 2.6 ms.
The second factor is the variation in the receiver system
equivalent flux density with time, which we estimate to be
∼15% of the mean value. The reported mean flux density
uncertainty is the RMS sum of these two factors.
4 RESULTS
Figure 2 shows the optical light curves for the aperture
centred on FRB 121102 on the five nights of observations.
With upwards of 100 000 data points in each light curve,
we require a detection at the 5-σ confidence level, such that
less than one point in 106 might be found above this level in
a normal distribution. Figure 2 shows several points above
the dashed lines representing 5-σ, where σ is the error in the
optical flux (counts/pixel), and is measured as the standard
deviation of each light curve. The images which correspond
to the points above 5-σ were all investigated by eye, and all
apparent signals appear to be due to cosmic ray hits, judging
by the size and shape of their point spread functions.
The expected flux of cosmic rays detectable at the
altitude of the TNT (2500m) by a CCD is approximately
250 m−2s−1 (Smith et al. 2002; Groom 2004), although
radioactive decay of compounds which make up the glass
lenses and other components of instruments can increase
this value by factors of up to 5 to 10 (Florentin-Nielsen,
Andersen & Nielsen 1995; Groom 2004). Nevertheless, the
observed rate of cosmic ray incidence in our observations
is around 1 event per hour, or 10000 m−2s−1, a factor of
40 times higher than expected. Such a discrepancy requires
there to be a large amount of background radiation at the
TNT. We conducted aperture photometry on a blank region
of the field to investigate whether this observed cosmic ray
rate is indeed typical, and we found a consistent hit rate.
This reassures us that the points above the 5-σ lines in
Figure 2 are indeed false positives, despite the unusually
high apparent cosmic ray flux.
In Figure 2 we highlight in red the measurements
from the frames closest in time to the infinite-frequency
arrival times of the radio bursts. None of these frames
show any significant optical signal. In case a burst may
be spread across two consecutive ULTRASPEC frames, we
also analyse the stacked fluxes (counts/pixel) of the two
temporally closest frames to the radio burst arrival times.
The results of these stacked fluxes are shown in blue in
Figure 2: again no significant optical signals are seen. Note
that two of the radio bursts observed on 2017-01-25 are so
close together in time that the two nearest optical frames
are the same. See Section 5 for further discussion on these
narrowly separated bursts.
In Figure 3 we show the result of stacking 22 frames,
centred on the FRB location and corrected for tracking
errors. These 22 frames include the two nearest frames to
each of the 12 observed radio burst arrival times. This
stacked image shows no sign of any optical signal. We also
shifted and stacked all 995 900 frames, but found no signal
from the FRB or host galaxy (as expected – we predict a S/N
for the host galaxy of ∼ 1 without accounting for additional
clock-induced charge, Dhillon et al. 2014).
Using the SDSS magnitude for the comparison star
(i′ = 17.25) provided by Pan-STARRS3 (Chambers et al.
2016), we calculated a minimum detectable optical burst
flux density (mJy) by comparing the value of the noise in
the FRB aperture (measured from the standard deviation
in the light curve), with the mean counts measured from
the comparison star in a single image. We extracted
the comparison star counts in the same way as for the
FRB location, conducting fixed aperture photometry and
subtracting the sky contribution. The extracted counts for
the comparison star were then calibrated into flux density
units (mJy) using the Pan-STARRS magnitude and the
standard AB conversion factor for a magnitude zero source
of 3631 Jy (Fukugita et al. 1996). For the two sets of
observations conducted in the SDSS i′-band (2017-02-16,
3 http://archive.stsci.edu/panstarrs/search.php
6Figure 3. Stacked images consisting of 22 ULTRASPEC frames observed at the same time as the 12 Effelsberg radio bursts. The left image
is centred on the expected position of FRB 121102, while the right image is centred on the comparison star PSO J053154.854+330815.385.
The FWHM of the comparison star radial profile is approximately 1 binned pixel (0.9′′). The field of view of each frame is 23′′ × 21′′.
The background signal in the left image is 208000± 7000 counts per pixel. Both images have the same greyscale range.
Table 3. Details of the radio bursts detected by Effelsberg. TOA is the time of arrival of the burst, scaled to infinite frequency. The
width and strength of each burst are the width that maximises the S/N and the corresponding flux density value. Uncertainties in the
TOA and pulse width measurements are given in brackets and represent the last one or two digits. Note that these measured pulse widths
are an RMS sum of the intrinsic width and instrumental broadening due to interchannel DM smearing, which is approximately 1 ms.
TOA (BMJD) Flux density (Jy) Pulse width (ms) Fluence (Jyms)
57769.6881141561(4) 0.7(1) 3.56(9) 2.6(4)
57769.702301263(2) 0.17(3) 3.4(4) 0.6(1)
57769.7639680761(3) 0.8(1) 2.05(6) 1.7(3)
57772.6649755688(7) 0.36(5) 2.1(1) 0.7(1)
57772.688014045(3) 0.11(2) 3.2(7) 0.35(9)
57772.758495566(1) 0.25(4) 5.1(3) 1.3(2)
57772.762396326(1) 0.22(3) 1.8(2) 0.40(7)
57772.784720292(1) 0.21(3) 1.9(3) 0.40(9)
57778.6885027615(7) 0.39(6) 2.6(1) 1.0(2)
57778.756270766(2) 0.11(2) 2.1(4) 0.23(6)
57778.756271161(2) 0.18(3) 2.9(3) 0.5(1)
57778.799193770(1) 0.21(3) 1.8(2) 0.38(7)
57803.692917989(2) 0.21(3) 3.5(3) 0.7(1)
2017-02-19), we found 5-σ detection limits of 1.9 mJy and
1.7 mJy respectively.
To estimate the equivalent limit for the i′ + z′-band
observations (2017-01-16, 2017-01-19, 2017-01-25), we need
to consider the difference in throughput between the i′+z′
and i′ filters. Using our existing model for the throughput of
the TNT+ULTRASPEC configuration (Dhillon et al. 2014;
Hardy et al. 2017), we find that a flat spectrum source should
result in 1.5 times more detected photons in the i′+z′ filter
compared to the i′ filter. We approximate the spectrum of
the noise to be flat. We thus estimate that our i′+z′ burst
limit is 1.5 times deeper than our i′ limit. Thus we obtain
an i′+z′ band 5-σ burst flux density detection limit of 1.2
mJy.
For the stacked image, which consists of 20 i′+z′ frames
and two i′ frames, we predict a 5-σ detection limit of 0.33
mJy. This may not seem very deep, but it is actually the
limit in the burst fluence that is most constraining, and most
important. Since we predict that any optical component of
the burst will be emitted at some point during the two
nearest ULTRASPEC frames to the time of arrival of the
radio burst, we can find the limit in the detectable fluence
by multiplying the flux density limit of 0.33 mJy by the
duration of the two nearest frames, which is 141.4 ms. The
maximum simultaneous optical fluence for these bursts is
therefore 0.046 Jy ms.
The only possible method for improving upon this limit
would be to use a larger telescope and/or run at a faster
7cadence. Contrary to usual practice in astronomy, taking a
deeper exposure does not help us. Had we taken a single
19.6-hour exposure with ULTRASPEC in grey time, we
might expect to reach a persistent limiting magnitude of
i′ = 24.7 at 5-σ, but this would represent a fluence limit for
a single burst of 34 Jy ms - a factor of 700 less constraining
than our limit. This is because by scaling up the exposure
time by a factor of 500 000, we would decrease the effective
signal-to-noise ratio by a factor of
√
500000 ' 700 due
to the increased noise in the sky background (assuming
no additional noise contribution from dark current, clock-
induced charge or readout noise). In other words, short
optical bursts would need to be much brighter to be detected
in a long-exposure image, in order to overcome the noise
contribution from the sky background.
We can directly compare our optical fluence detection
limit (at 767 nm) to the median radio fluence of the bursts
observed by Effelsberg, which is 0.6 Jy ms at 1.36 GHz. If
emission in the radio and optical frequencies had the same
intrinsic source, this would limit the broadband (optical to
radio) spectral slope to being steeper than fν ∝ ν−0.2. This
is roughly the same as the optical-to-radio spectral slope
of the pulsed emission from the Crab pulsar (Dhillon et al.
2011), but we do not suggest a physical link here since there
is currently no evidence that the emission in the radio and
any undetected emission in the optical might be generated
by the same mechanism. In fact, given that recent results
find a break in the radio spectrum of FRB 121102 (Law et al.
2017), we would not expect to see a continuous power law
dependency from radio through to optical. Nevertheless, we
can say that the optical fluence is at least 13 times lower
than the radio fluence, giving an ‘optical-to-radio’ spectral
index of less than -0.2. At this stage we cannot rule out any
suggested progenitor sources.
5 PERIODICITY
Two of the radio bursts we observed with Effelsberg have
a separation of ∼ 34 ms. These are clearly not overlapping
in time, like those reported in Champion et al. (2015) and
Scholz et al. (2016), and so we do not consider them to be a
single double-peaked burst. Figure 4 shows the burst profiles
as a function of time. The two bursts are each consistent with
Gaussian profiles with FWHM widths of ∼ 2 and ∼ 3 ms,
respectively, and the signal level seen between the bursts is
consistent with the noise floor.
This separation may be an integer times an underlying
spin periodicity, i.e. the period would be ∼ 34/N ms, with
N being some positive integer. However, we caution that
this separation must not necessarily be an upper limit to an
underlying periodicity; it could alternatively be a lower limit
on the window in rotational phase during which radio bursts
are emitted. A preliminary analysis of all the burst arrival
times (those reported here and previously in the literature)
did not yield a unique periodicity.
Recently, Scholz et al. (2017) reported two bursts
detected with the Green Bank Telescope which were
separated by only 37 ms. Interpretation of this short
separation alongside the 34 ms separation we observed is
subject to the same caveats as stated above. A periodicity
may be revealed but will require a more sophisticated
Figure 4. Profiles of the two bursts separated by only 34 ms,
as observed by Effelsberg. The central greyscale panels show
the total intensity versus observing frequency and time. Data
have been downsampled (binned) in time by a factor of 16
and in frequency by factor of 4 to increase the S/N of the
bursts. The upper sub-panels are burst profiles summed over all
frequencies. The x-axis shows the topocentric time since 2017-01-
25 18:02:07.59.
analysis that considers, for example, multiple bursts
detected during a single rotation in one or more rotational
phase windows. Many Galactic radio-emitting neutron
stars emit bursts in multiple rotational phase windows,
as seen in the Crab pulsar (Hankins & Eilek 2007), in
the rotating radio transients (Keane et al. 2011), and in
radio emission from Galactic magnetars (Serylak et al.
2009; Levin et al. 2012). However, measuring such a short
underlying period with so few observed bursts is likely to
be impossible, because after only a few cycles the errors in
any individual arrival times will multiply up to something
similar to the possible period itself, quickly leading to cycle
number ambiguities. Furthermore, a periodicity analysis
that includes bursts detected in multiple observing epochs
will require not only searching in rotational period, but also
period derivative (i.e. spin down) or orbital motion in the
event that the source is in a binary.
6 CONCLUSIONS
We have utilised the fast read-out capabilities of
ULTRASPEC to search for optical burst counterparts
to the repeating fast radio burst FRB 121102. Our
observations, conducted simultaneously with the Effelsberg
100-m radio telescope, provide a 5-σ upper limit to the
optical burst fluence of 0.046 Jy ms.
We are only able to place weak limits on the broadband
spectral index, in that it is steeper than α = −0.2.
Deeper searches for optical bursts would provide further
constraints to this index, but this would only be possible
with a larger telescope and an instrument that can run at
a higher cadence. The upcoming HiPERCAM instrument,
when mounted on the 10.4-m Gran Telescopio Canarias
(Dhillon et al. 2016), will be capable of reaching a fluence
8detection limit of 0.0004 Jy ms, approximately 115 times
deeper than the limit presented in this work, and 1500 times
fainter than the median radio burst fluence.
Two of our observed radio pulses are separated by
only 34 ms. Whilst this may constrain possible searches for
periodicity in the arrival times of these bursts, we caution
that it does not rule out emission in multiple rotational
phase windows of a longer period.
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